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(57)Abstract 

PURPOSE: To take out an electrode from the upper and the lower sides by 
a method wherein a conductive board is bonded to the surface of the nitride 
semiconductor layer of a wafer on which the nitride semiconductor layer is 
grown on an insulated board, and the nitride semiconductor layer is exposed 
by removing a part of the entire insulated board of the wafer after bonding. 
CONSTITUTION: A wafer, on which a nitride semiconductor layer 2 is 
laminated, is prepared on the surface of a supphire board. Then, an ohmic 
electrod 30 is formed on almost the whole surface of the nitride 
semiconductor layer 2. On the othr hand, a P-type GaAs board 50, having 
the size almost same as the sapphire boad 1, is prepared as a conductive 
board, and the second ohmic electrode 40 is formed on the surface of the 
above-mentioned board 50. Then, the ohmic electrodes of the nitride 
semiconductor wafer, having the first ohmic electrode 30, and a board 50, . 
having the second ohmic electrode 40, are laminated with each other and 
they are pressure-bonded. Besides, the sapphire board is removed, and the 
nitride semiconductor layer 2 is exposed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This docum nt has been translated by comput r.So the translation may not refl ct th original precis ly 

2. **** shows the word which can not b translated. 
3.1n th drawings, any words ar not translat d. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the nitride semiconductor device characterized by having the first process which 
pastes up a conductive substrate on the nitride semiconductor stratification plane of the wafer with which the nitride 
s miconductor layer grew on the insulating substrate, and the second process at which a part or all of the insulating 
adhesi n aforementioned wafer is removed, and a nitride semiconductor layer is exposed after conductive substrate 

[Claim 2] The aforementioned conductive substrate is the manufacture method of the nitride semiconductor device 
according to claim 1 characterized by having cleavage nature. 

[Claim 3] The manufacture method of the claim 1 characterized by pasting up a nitride semiconductor stratification plan 
and a conductive substrate through an electrode or a conductive material in the first process of the above or a nitride 
s miconductor device according to claim 2. 

Kmi? I 3 , ma " ufac t ure + meth i odof nitride semiconductor device according to claim 3 characterized by including the 
ohm c lectrode formed ,n the ohm.c electrode and/or the conductive substrate front face on which the aforemention d 
electrode was formed in the nitride semiconductor layer front face. 

[Claim 5] The nitride semiconductor device which a conductive substrate and a nitride semiconductor paste up and is 
characterized by the bird clapper. 

hSing cLlvie it nrture emiC0ndUCtOr deVi ° e aCCOrding to claim 5 characterized by the aforementioned conductive substrat 
[Claim 7] The claim 5 characterized by the aforementioned conductive substrate and the aforementioned nitride 
semiconductor light emitting device having pasted up through an electrode or a conductive material or a nitride 

semiconductor device according to claim 6. 

[Claim 8] The nitride semiconductor device according to claim 7 characterized by including the ohmic electrode formed in 
the ohm.c electrode and/or the conductive substrate front face on which the aforementioned electrode was formed in th 
nitride semiconductor layer front face. n 



[Translation done.] 
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DETAILED DESCRIPTION 



[D tailed Description of the Invention] 
[0001] 

K^SI t?v^° n] '"ru 1 ' 0 " rdateS t0 the dement Which consists of a nitride semiconductor (InXAIYGa1-X-YN 0 
d^d* Z , aI I'ght-receiving devices, such as luminescence devices, such as light emitting diode and las 

diode, or a photodiode, and its manufacture method 
[0002] 

[Description of the Prior Art] Since a nitride semiconductor has the bandgap energy to 1.9eV - 6.0eV. it is observed as 
various objects for semiconductor devices, such as a light emitting device and a photo detector, and blue Light Emitting 

nSfll T 8 h !f Ti ^ ^ CO '° r U6ht Emitting Di ° de Were -* ust put in P^ical — recently. * 

L0003J Generally a nitr.de semiconductor device is obtained using vapor growths, such as MBE and MOVPE by carrying out 

ZT? S tT* ? r tride s r iCOnduCt ° r Which Specified the conductivity type to n type, p type, or i type onThe 
substrate. Although it « known that conductive substrates, such as silicon carbide besides insulating substrates Tueh as 
sX;it a Th P,ne K V'? U rf ate '- and "id neodium. silicon, a zinc oxide, and gallium arsenL. can be used for a 

b^fh- H.y k U t C l rneS °f grid adjustment completely with a nitride semiconductor is not yet developed 

6m M0% or mo' and h.^h compulsorily on the sapphire w*h which lattice consL s 

rnn^i r? I ' ? d the b ' U,sh green Color Llght Emittin g °iode element are put in practical use 

L0004J Drawing 6 is the typical cross section showing the structure of the conventional blue Light Emitting Diode elem nt 
62 anTZT^L l^ ^T* has J terrorism struct "« te th. double by which the laminating of n type lay r 

f^Jr il Tlf WH i Ch C A ° nS,St ° f 3 nitnde semico "ductor on silicon on sapphire 61 fundamentally and the p tyo 

su^tr* T a l C T °5 ° rd t l r - AS m Tr? d ab ° Ve - SinCe S3pphire is insu,ation and cannot taka out an electrode from a 

2 f f T I C ° R « f the J s °- ca " ed e ' ement ° f the flip Chip method with which tha Positive electrode 65 and th 
[0005] tr ° de66wereformed,nthesamenitridesemi ^ 

meThodwhll 0 ^ S ° he i by the Inve /*i°n] However, there are many troubles in the element of the conventional flip chip 

first olace a ,hi ^ ** f ^t^' or * r t0 **• OUt b ° th tetrodes *«" the same side side in the 

first place, a chip size becomes large and much chips are not obtained from a wafer by it Since the negative electrode and 
th positive electrode are horizontally located in a line, current flows horizontally, as a result, current density becomes high 

hat cle'at™ Z g6nerateS l/rX C ,T°; d 1 S i nCe 8 SUbStrate WhiGh is Ca,,ed Sapphira and whic " * very fard and does n^t 
s mi ° nZf I t "!!u [ 1 adVan ° ed te chnology is neadad for chip-izing Since the cleavage plane of a nitrid 
to reaSl LD% ""J*' f ^ ^ of a substrate is not made with a resonance side in case rt is furthermor 
going to realize LD. formation of a resonance side is very difficult 

S £212? h ,? e att6mPt Wh 5 H "T" 3 nitrid6 samic o" d "otor as mentioned above on conductive substrates, such as 
sH.con carb.de. silicon, a zinc ox.de, gallium arsenide, and gallium phosphorus, is also accomplished in order to avoid the 
above problems, the report of having still succeeded is not carried out 

S 0 °I;I h f ere / Ore ' th il 'Tfu" iS ac , comp,ished in view of such a situation, and the place made into the purpose is to off r 
mainTv ?™ T ° . the nlt " da semiconductor device which has the structure which can take out an electrode 

mainly from the upper and lower sides, and a nitride semiconductor device. 
LQ008J 

[Means for Solving the Problem] The manufacture method of the nitride semiconductor device of this invention is 

stratmLZ i " T t g H the T* P TT u^ 0 ' P3SteS UP 3 C ° ndUCtiVe SUbstrate °" tha " itrida semfcLuc or 
stratficaton plane of the wafer with which the nitride semiconductor layer grew on the insulating substrate, and the sec nd 
process at which a part or all of the insulating substrate of the aforementioned wafer is removed and a nitr de 
s miconductor layer is exposed after conductive substrate adhesion. Moreover, a conductive substrate and a nitride 

tZ*lnTl£Z UP tH nd ^ J"*' -T 0 ^^^ deViCe ° f thiS inVention is characterized by the bTd clapper 
10009] In the method of this invention, sapphire, a spinel, a lithium niobate. gallium acid neodium, etc are used for an 
insulating substrate as mentioned above, and sapphire and the nitride semiconductor which grew on the spinel are 

be 1 ''"J "^SVi- ^ 2* ° ther Hand - if * iS the Substrate material wh 'ch ha coZ^Z what thing may 
be us d. for example Si, S.C. GaAs. GaP and InP. ZnSe. ZnS. ZnO, etc. can be used for the conductive substrate oaied Z 
Zne* Samic ° nd "ctor. However, a conductive substrate cannot be overemphasized by choosing Z su^ate ofth 
=emi CO ndn,t h ^ ^ ^ co "*W«™ th. insulating substrate to which th laminating 5 th nitride 

rnm o I n f t T T"? OUt a " d haS 3 bigg r ar a than the furth r almost same ar a or it. 

f ' " t0 rem ° Ve th insulat ing substrate of th waf r with which the laminating of th nitride 

semiconductor ay r was carried out technology, such as polish and etching, is us d. Usually, ther is hundreds of 
micrometers thickn ss of an insulating substrate, sine a nitrid semiconductor lay r is 20 m crome^rs ^ £2 ^even if 

fir t \ fiS ^ oortii' n m re T eS 3 SUb f: at ' W K h6n " ^ ' ° ntr °' ******* a rough portion ™* ba ' -ov d by plh at 

I cirol mav h y ! u m ° Ved by ! tCh ' ng aft ' ^ ™ 6 the nitHde semiconductor side ne d d f r f rming an 
and n B d TL ^ T!^ Moreover ' when Producing th el ment which us s an insulator as a current consT icti n laver 

htto //1^4 i Z 3 " ^ Sem ' CO ; dUCt ° r laVer fr ° nt faCe ' f ° r 6Xampl Hke 3 ,aS r ,em "t. it is also po^to remov nly 
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a portion r quir d to xpos a nitride semiconductor lay r by s I ctiv tching, without r moving ai! insulating substrates. 
[0011] Furth rmor , the c nductive substrat pasted up on a nitride s miconductor lay r in the m thod and element of this 
* inv ntion is charact rized by having cleavag natur . GaAs, GaP, InP, SiC, etc. can be pr f rably us d for the conductiv 
substrate which has this cl avag natur . 

[0012] Next, the method and lem nt of this invention ar characteriz d by pasting up a nitride semiconductor stratification 
plane and a conductive substrat thr ugh an I ctr d or a conductiv material. Even if this method uses the substrate 
which has cl avag natur in a conductive substrat , it is applicabl similarly. Alth ugh th so-called technique of the waf r 
adh si n which carri s out th rmocompr ssion bonding may be used for it after making these mirror planes rival in th 
m thod of pasting up by making th adh sion sid and nitrid s miconduct r stratification plane of a conductiv substrate 
into a mirror plane, it can paste up easily by minding an el ctrod or a conductive material. If conductive material is a 
nitride s miconductor and th mat rial which can paste up a c nductive substrate, what thing is sufficient as them, for 

xample, they can use material, such as In, Au, a pewter, and a silver paste. 
[0013] Moreover, in the aforementioned adhesion technique, it is characterized by an electrode containing the ohmic 

lectrod formed in the ohmic electrode and/or the conductive substrate front face which were formed in the nitride 
semiconductor layer front face. In addition, with an ohmic electrode, it is defined as an ohmic electrode on these 
specifications including metals, such as the metal for thick adhesion of the thickness attached on the thin ohmic electr d 
and electrode of the thickness generally formed in a nitride semiconductor front face, for example. Au, In, aluminum, etc. As 
an ohmic electrode material formed in a nitride semiconductor layer front face, if n type layer is an adhesion side, a kind of 
mat rial of aluminum, Cr(s). Ti, and In(s) which were shown in JP,5-291621,A. the electrode which made Ti especially th 
sid which touches n type layer preferably, and the material containing Ti-aluminum shown in JP,7-45867,A can be 
mention d at least. Moreover, if an adhesion side is p type layer, a kind of material of Au(s), Pt(s), Ag, and nickel which 
w r similarly shown in JP,5-291621,A, and the electrode which made nickel especially the side which touches p type lay r 
preferably can be mentioned at least. 

[0014] A nitride semiconductor is performed, in order for p type layer to be hard to be obtained and to obtain p type lay r. 
for example, after electron beam irradiation which is indicated by JP,3-218625,A, and thermal annealing processing which is 
indicated by JP,5-183189,A growing, and p type layer on the front face of the maximum is formed into low resistance. For 
this reason, as for the nitride semiconductor wafer, the best layer is p type layer in many cases. Then, in case this nitrid 
semiconductor wafer and a conductive substrate are pasted up, especially the thing for which a conductive p type 
substrat is pasted up through the ohmic electrode formed in p type layer is desirable. 

[001 5] On the other hand, if for example, a conductive substrate is n type GaAs as an ohmic electrode already formed in 
the conductive substrate of one of the two's adhesion side, Ag-Sn, In-Sn, nickel-Sn, Au-Sn, Au-Si, Au-germanium, etc. can 
b us d, and if it is p type GaAs. Au-Zn, Ag-Zn, Ag-In, etc. can be used. In addition, although an ohmic electrode mat rial 
well-known also about SiC and Si can be used, especially the thing for which a conductive p type substrate is pasted up 
through the ohmic electrode of the conductive substrate as mentioned above is desirable. 
[0016] 

[Function] With the method and element of this invention, the conductive substrate is pasted up on the nitride 
s miconductor layer. That is, although the various elements from which a nitride semiconductor is obtained from a nitrid 
semiconductor with the wafer which grew on the insulating substrate cannot but serve as flip chip form, they serve as a 
substrat in which a conductive substrate forms an electrode by pasting up a conductive substrate on the nitride 
s miconductor layer of the wafer best layer. Then, since a nitride semiconductor layer will be exposed if an insulating 
substrate is removed, another electrode can be formed in the exposed nitride semiconductor stratification plane, and n t 
the lem nt with which an electrode like before was horizontally located in a line but the element which the mutual 
electrod countered can be produced. 

[001 7] Next, if the material which has cleavage nature in the conductive substrate to paste up is chosen, the nitride 
s miconductor which grew on the insulating substrate without cleavage nature can also divide in the shape of a chip using 
the cleavage nature of the pasted-up conductive substrate. For this reason, the small element of a chip size becomes is 
easy to be obtained, and the laser element which makes the cleavage plane of a nitride semiconductor an optical resonanc 
side further can be produced now. 

[001 8] moreover, although there is also the method of a nitride semiconductor stratification plane and a conductive 
substrat being the technology generally called wafer adhesion, and pasting up, it is desirable in order to also stabilize the 
electrical property between a conductive substrate and a nitride semiconductor layer, if it pastes up through the electr d 
of a nitride semiconductor layer, the electrode of a conductive substrate, or a conductive material especially When choosing 
the material which can furthermore reflect the luminescence wavelength of nitride semiconductors, such as Au, aluminum, 
and Ag, as this conductive material and a light emitting device is produced, the light which comes to the conductive 
substrat which such conductive material pasted up is reflected, and since there is an operation returned to a nitride 
semiconductor layer side, the luminous efficiency of a light emitting device improves. 

[0019] If the ohmic electrode formed in the ohmic electrode and/or the conductive substrate front face which were form d 
in the nitride semiconductor layer front face especially as a charge of a binder is included, when a luminescence device lik 
a light emitting device will be produced, for example, resistance becomes low and there is an operation which reduces Vf of 
a device. 
[0020] 

[Example] H r aft r, this inv ntion is xplain d in full d tail in the xample. Drawing 1 or drawing 3 is a wafer explaining on 
process of the m thod of this invention, and the typical cross s ction of a conductiv substrat . and drawing 4 is the 
typical cross section sh wing the structur of the nitrid s miconductor light mitting device obtain d according t the 
exampl 1, and d scrib s an xample 1 b low bas d on thes drawings. 

[0021] Th nitrid semiconductor layer 2 prepares for th front fac of [ xampl 1] silicon n sapphire 1 the waf r by which 
th laminating was carri d out. In addition, the nitrid s miconduct r lay r 2 has t rr rism structur to the doubl which 
has at I ast n typ lay r 21 which consists of AIXGa1-XN (0<=X<=1) by which the don r impurity was doped s qu ntially 
from silicon on sapphir 1, the barri r layer 22 which consists of InYGa1-YN (0< Y<1), and p type layer 23 which c nsists of 
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AiXGa1-XN (0<=X<=1) by which acceptor impurity was dop d. In addition, p type layer 23 of the b st lay r is formed into 
low resistance by annealing 400 degr s C or mor . 
* [0022] Next as shown in drawing 1 , th ohmic I ctrod 30 f the front face of the nitride semiconductor layer 2 which 
° v vtains nickel and Au on the whol surfac is mostly form d by 500A thickness. That is. the first ohmic el ctrod 30 fr m 
/vhich as desirable on th whole surface OMIKKU of p typ layer of the best lay r of th nitride semiconductor lay r 2 as p 
type layer is obtain d mostly is formed, in order are furthermor alik on the ohmic lectrod 30 and to improve an 
adhesiv property. 0.1 micromet rs of Au thin films ar formed 

[0023] Th p type GaAs substrate 50 which, on the oth r hand, has th almost sam size as silicon on sapphir 1 as a 
conductive substrate is prepared, and the s cond ohmic I ctrod 40 which consists of Au-Zn is formed in th front fac 
of this p typ GaAs substrate 50 by 500A thickness. In ord r to impr ve an adh siv property on the second ohmic 
el ctrode 40 furthermor , 0.1 micrometers of Au thin films ar formed. 

[0024] Next, the ohmic electrodes of the nitride semiconductor wafer which has the first ohmic electrode 30 as shown in 
drawing 2 , and the p type GaAs substrate 50 which has the second ohmic electrode 40 are stuck by pressure by lamination 
and h ating. However, it is made to become parallel [ the silicon on sapphire 1 of a wafer, and the p type GaAs substrate 
50 ] at the time of sticking by pressure. It is because the level surface of the nitride semiconductor layer exposed do s not 
come out in the process which removes the following silicon on sapphire unless it is parallel. Moreover, although Au was 
used in order to paste up the first ohmic electrode 30 and the second ohmic electrode 40, it is also possible to paste up 
through conductive material, such as an indium, tin. a pewter, and a silver paste, among electrodes 30 and 40. In addition, in 
case th p type GaAs substrate 50 is pasted up. doubling the direction of a cleavage with a substrate 50 with the cleavag 
nature of a nitride semiconductor layer, and having pasted up cannot be overemphasized. 

[0025] Next, the wafer on which the p type GaAs substrate 50 was pasted up is installed in the burnisher, silicon on 
sapphire 1 is wrapped, silicon on sapphire is removed, and n type layer 21 of the nitride semiconductor layer 2 is expos d. 
In addition, after wrapping silicon on sapphire 1 so that the thickness of about several micrometers may remain, it is [ in / 
this process ] also possible to remove the silicon on sapphire which remained further by etching. The structure of the wafer 
after silicon-on-sapphire 1 removal is shown in drawing 3 . 

[0026] n type layer after polishing the front face of n type layer 21 exposed at the end — ohmic one — the negative 
electrode 25 which consists of Ti-aluminum as an electrode of business is formed, and the positive electrode 55 which 
consists of Au-Zn as an ohmic electrode as well as the p type GaAs substrate 50 on the other hand is formed in the wh I 
surface 

[0027] The wafer with which the positive electrode and the negative electrode were formed as mentioned above is divid d 
into the luminescence chip of 200-micrometer angle using the cleavage nature of a p type GaAs substrate. The typical 
cross section showing the structure of the luminescence chip after separation is shown in drawing 4 . By energizing 
betwe n an electrode 25 and 55, this luminescence chip shows the structure of a Light Emitting Diode element where a 
barrier layer 22 emits light. Since it was reflected by the interface of the first ohmic electrode 30 and p type layer 23 and. 
as for this light emitting device, luminescence of a barrier layer 22 was not absorbed by the p type GaAs substrate 50, 
compared with the conventional light emitting device, the radiant power output increased 50% or more. 
[0028] Moreover, although sapphire and the conductive substrate explained p type GaAs, they may use an insulating 
substrate like a spinel and neodium gallate described above besides sapphire to the insulating substrate, for example,, and as 
for this example, an insulating substrate may use a substrate like Si and ZnO for a conductive substrate. 
[0029] In case silicon on sapphire 1 is wrapped in the [example 2] example 1. it wraps so that it may remain by the 
thickness whose silicon on sapphire 1 is 5 micrometers. Next, the mask of the configuration which can form a current 
constriction layer in the front face of the silicon on sapphire 1 which remained is formed, etching removes the silicon on 
sapphir 1 of mask opening by the etching system, and a part of n type layer 21 is exposed. A positive electrode 55 is 
formed in n type layer like the exposure back at a negative electrode 25 and the p type GaAs substrate 50. 
[0030] Next, using the cleavage nature of the p type GaAs substrate 50, it dissociates in the shape of a chip, and considers 
as a laser element Drawing 5 is the typical cross section showing the structure of the laser element and the silicon on 
sapphire 1 which it left intentionally is acting as a current constriction layer of a laser element Although this example 
showed the example which leaves silicon on sapphire as a current constriction layer, in addition after it all removes silicon 
on sapphire 1 like an example 1 to form the current constriction layer of a laser element you may form it on the nitride 
semiconductor layer which exposed an insulator layer like Si02 and Ti02, for example. 
[0031] 

[Effect of the Invention] Since the nitride semiconductor device which has a conductive substrate is realizable according to 
the method of this invention as explained above, the small element of a chip size can be offered. Moreover, since the 
electrodes formed in the element have countered, current flows uniformly in a nitride semiconductor layer, calorific value 
becom s small and it also becomes possible to realize a laser element The cleavage of a nitride semiconductor becom s 
possibl still more easily, and since the cleavage plane is made with a resonator, production of a laser element becomes 
easy. If a luminescence device is realized further again, since luminescence of a nitride semiconductor layer will be 
r fl ct d on an electrode front face by the electrode which pasted up the nitride semiconductor layer and the conductiv 
substrate, a radiant power output can also be increased. 

[0032] As the conventional nitride semiconductor Light Emitting Diode was shown in drawing 6 , the positive electrode 65 of 
the front face of p type layer 64 which penetrates light was mostly formed in the whole surface. This is because the 
current of p typ layer cann t spread easily. 50% or mor of the light which mits light by this positiv lectrode 65 was 
absorbed, however, according to the el ment of this inv ntion, it is shown in drawing 4 and drawing 5 — as — low — sine 
n type layer [ **** ] 21 turns into the best layer, it becom s unnec ssary to prepar a whol surface el ctrod like bef re, 
and is good at a small partial electrode Th r fore, the j ction ffici ncy f th light from a nitrid s miconductor layer sid 
improves by I aps and bounds, and a radiant pow r output improves. Thus, when this inv ntion r alizes th devic which 
us d the nitride semiconductor, th utility valu on industry is v ry large. 
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DESCRIPTIO N OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] The type section view of the nitride semiconductor wafer explaining one process of the method of this 
inv ntion. 

[Drawing 2] The type section view of the nitride semiconductor wafer explaining one process of the method of this 
inv ntion. 

[Drawing 3] The type section view of the nitride semiconductor wafer explaining one process of the method of this 
invention. 

[Drawing 4] The type section view showing the structure of the nitride semiconductor device concerning one example of 
this invention. 

[Drawing 5] The type section view showing the structure of the nitride semiconductor device concerning other exampl s of 
this invention. 

[Drawing 6] The type section view showing the structure of the conventional nitride semiconductor light emitting device. 
[Description of Notations] 

1 .... Silicon on sapphire 

2 .... Nitride semiconductor layer 

21 .... n type layer 

22 .... Barrier layer 

23 .... p type layer 

30 .... First ohmic electrode 
40 .... S cond ohmic electrode 
50 .... p type GaAs substrate 
25 .... Negative electrode 
55 .... Positive electrode 
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